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Advanced Oxidation Protein Products

Introduction
Advanced oxidation protein products (AOPPs), considered as a novel marker of oxidantmediated protein damage, are dityrosine-containing and cross-linking protein products mainly formed during oxidative stress by reaction of plasma albumin with chlorinated oxidants [1, 2] .
AOPPs were firstly found in the plasma of patients undergoing dialysis [2] and were subsequently found in subjects with diabetes [3] . In addition, higher levels of AOPPs have also been found in patients with metabolic syndrome [4] , chronic inflammatory bowel diseases [5] , and obesity [6] , which may suggest the accumulation of AOPPs could be related to some pathophysiologic conditions.
Oxidative stress, a pathological condition begins by excessively generating reactive oxygen species (ROS), as a result of the imbalance between peroxidation and antioxidant defense systems. The plasma concentration of AOPPs is closely correlated with the level of dityrosine, a hallmark of oxidized protein, and pentosidine, a marker of protein glycoxidation which is related to oxidative stress [7] . Oxidative damage to proteins is reflected by increased levels of AOPPs. Therefore, AOPPs had been widely considered as oxidative stress markers [1] .
Also apart from being regarded as oxidative stress makers, AOPPs has also been shown to be an effector molecule taking part in many biological events. There have been reported that AOPPs can induce vascular endothelial dysfunction and accelerated atherosclerosis by elevating the level of oxidative stress and over-expression of inflammatory factor [8, 9] . AOPPs have also shown to trigger respiratory burst and inflammation through the activation of immune cells such as monocyte [1] . Furthermore, we have earlier demonstrated that AOPPs can inhibit proliferation and differentiation of rat osteoblast-like cells through ROSdependent NF-κB pathway [10] .
Rheumatoid arthritis (RA) is a chronic inflammatory and autoimmune disease, characterized by synovial proliferation and destruction of articular cartilage at multiple joints [11] . Though the exact mechanism of the disease is not clearly understood, the fibroblast-like synoviocytes (FLSs), which secrete synovial fluid and prodce cytokines, are thought to play an important role involving the joint destruction [12] .
It is well known that tumor necrosis factor (TNF) and interleukin (IL)-1 are mediators of the cellular response, enhance inflammation and destruction in various ways, mostly through effects on FLSs [13] . The over-expression of the proinflammatory cytokines such as TNF-α, IL-1β and proangiogenic factor , such as vascular endothelial growth factor (VEGF) in FLSs suggestes that FLSs are involved in regulating inflammation and angiogenesis [14] .
Matrix metalloproteinases (MMPs) are zinc-and calcium-dependent proteases that contribute to tissue remodelling during development, morphogenesis, inflammation and so on. The synovial tissue destruction observed in RA is due to the activation MMPs mainly secreted by FLSs, macrophages and chondrocytes [15] . Increased levels of MMPs in the synovial fluid of patients with RA are capable of virtually degrading all structural proteins present at the joints [16] . Therefore, the elevated levels of MMPs in synovial fluid mainly secreted by FLSs may be the main cause of synovium and cartilage erosion. 
Cellular Physiology and Biochemistry
There have been increasing evidence to support that oxidative stress plays a critical role in RA [17, 18] . Several factors are involved in the development of oxidative stress in the joints of RA patients, including increased pressure in the synovial cavity, reduced capillary density, vascular changes and an increased metabolic rate of synovial tissue [19, 20] . Remans P.H. et al [17] indicate that the chronic oxidative stress observed in synovial T lymphocytes from RA patients originates from intracellularly generated free radicals. It is well demonstrated that AOPPs levels were significantly increased in RA patients compared with healthy individuals [21] . To our knowledge, AOPPs' effect on FLSs still remains unknown. Thus we decided to explore the response of FLSs to AOPPs and investigate the potential effect of AOPPs on FLSs.
In the present study, we investigated the effect of AOPPs on the production of cytokines in rat FLSs and discussed whether NADPH and NF-κB were involved in the AOPPs actions on the cells.
Materials and Methods
AOPPs-RSA Preparation and Determination
AOPPs-Rat Serum Albumin (RSA) was prepared according to a described procedure with minor modifications [2, 22] . Briefly, RSA solution (20 mg/ml, St Louis, MO, USA) was exposed to 200mmol/L of HOCL for 30 mins at room temperature and then dialyzed against PBS at 4°C for 24 hrs to remove free HOCL. Control incubation was performed in native RSA dissolved in PBS alone. All the preparations were passed through a Detoxi-Gel column (Thermo, Massachusetts,USA) to remove any endotoxin. An amebocyte lysate assay kit (Sigma,USA) was used to determine the level of endotoxin in both AOPPs-RSA and unmodified RSA group and the concentration of endotoxin in them were below 0.025 EU/ml. AOPPs content in the sample was determined as described previously [1] . Briefly, 200 µl of sample or chloramine-T was placed in a 96-well plate, and then 20 µl of acetic acid was added. A microplate reader was used to measure the absorbance at 340 nm immediately. AOPPs content in the AOPPs-RSA and unmodified RSA were 49.10±4.19 µmol/g protein and 0.25±0.72 µmol/g protein respectively.
Fibroblast-like synoviocytes (FLSs) culture and treatment
FLSs were obtained according to a described procedure with some modifications [23] . Fresh synovial tissues were isolated aseptically from both knee joints of Female Lewis rats (4 weeks old, 150-200g) and washed with phosphate-buffered saline (PBS). After that they were minced and digested in a solution of 0.2% collagenase in Dulbecco's modified Eagle's medium (DMEM, Gibco, Life Technologies, California, USA) at 37 °C for 2.5 hrs, the tissue were further digested by 0.25% trypsin for 2 hrs and then the cells were centrifuged at 1000g for 5 mins.
FLSs were seeded in, 25cm 2 flat-bottom culture flasks and supplemented with DMEM containing 10% fetal bovine serum (FBS) (Gibco, Life Technologies, California, USA) and antibiotics (100 IU/ ml penicillin, 100 IU/ml streptomycin, Irvine Scientific, Santa Ana USA). The cells were cultured by incubating at 37 °C in a humidified atmosphere with 5% CO 2 . After reaching a subconfluent state, the cells were subcultured after trypsinization with 0.25% trypsin/0.02% EDTA. Third to sixth passage cells were used for all the experiments. All animal procedures performed with permission and followed the guidelines laid down by the Animal Use and Care Committee of Southern Medical University.
During most experiments, FLSs were extensively washed with PBS, cultured in DMEM with 0.5% serum for 12 hrs, and then stimulated by adding control medium, various concentrations of AOPPs-RSA (50,100,200 µg/ml) or unmodified RSA (200 µg/ml) in the presence or absence of antioxidant N-acetyl-Lcysteine (NAC), superoxide dismutase (SOD), diphenyleneiodonium (DPI), apocynin and SN50.(Beyotime, China).
NAC is an antioxidant used to scavenge intracellular ROS [24] and SOD, the antioxidant enzymes, prevent accumulation of superoxide by conversing superoxide to hydrogen peroxide [25] . DPI and apocynin are the inhibitors of NADPH oxidase and block the O 2 -generation which is dependent on the inactivation of NADPH oxidase. SN50 is an NF-κB inhibitor and can prevent the IκBα degradation in the cytoplasm and NF-κB p65 translocation to nucleus, both of which are the essential procedure for the activation of NF-κB.
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Enzyme-linked immunosorbent assay (ELISA)
To investigate whether AOPPs induce cytokines production in FLSs, we analyzed the supernatant of the synovial cells cultured with AOPPs. To be specific, cells were cultured in DMEM with FBS (10%) and then synchronized for 12 hrs with DMEM/0.5% FBS. FLSs were stimulated with increasing concentrations of AOPPs (50,100,200 µg/ml) or unmodified RSA (200 µg/ml) or control medium respectively. After that, cell supernatants were collected and centrifuged at 12000g for 15 mins. Supernatants were stored at -80°C until experimentation. Levels of MMP-3, MMP-13, TNF-α, IL-1βand VEGF in the supernatant were quantified respectively using the MMP-3 ELISA kits (Boster, Wu Han, China), MMP-13 ELISA kit (Cusabio, Wu Han, China ), TNF-αELISA kit (Boster, Wu Han, China), IL-1βELISA kit (Boster, Wu Han, China) and VEGF ELISA kit (Cusabio, Wu Han, China ) according to the manufacturer's protocol. The OD was measured at 450 nm by a spectrophotometric plate reader (Molecular Devices, Califomia, USA). All the experiments were performed and tested in triplicate.
Total RNA isolation, reverse transcription (RT) and real-time quantitative polymerase chain reaction(RT-PCR)
After stimulation, the total RNA was extracted from the treated and contol FLSs using the TRI Reagent (Takara Biotechnology, Dalian, China) according to the manufacturer's protocol and quantified by a Nanodrop1000 spectrophotometer (Thermo Scientific, Waltham, USA). 1 μg of total RNA sample with a 260/280 ratio > 2.0 were used for reverse transcription (RT) using PrimeScript® RT reagent Kit With gDNA Eraser (Takara Biotechnology, Dalian, China) according to the manufacturer's protocol. Sequences for the primers used are given in Table 1 . Each specific primer was optimized for concentrations and then the resulting cDNA was PCR amplified using a SYBR® Premix Ex TaqTM II kit (Takara Biotechnology, Dalian, China) according to the manufacturer's instruction. Real-time PCR reactions were carried out on Applied Biosystems 7500 Real-Time PCR System (ABI, Carlsbad, California, USA) with 40 cycles of denaturing at 95°C for 30 sec, annealing at 95°C for 5 sec and extending at 60°C for 34 sec. After normalizing to the "housekeeping genes" glyceraldehyde-3-phosphate dehydrogenase (GAPDH), the gene expression change was presented as relative expression (fold change from control), and was calculated as previously described using the 2 -ΔΔCt method [26] .
Determination of intracellular ROS generation
The level of intracellular ROS was assessed by fluorescence microplate reader with the probe 2 ' ,7'-dichlorofluorescein diacetate (DCFH-DA), which oxidizes to fluorescent dichlorofluorescein (DCF) in the presence of ROS, as described previously [27] . Briefly, FLSs were suspended in DMEM at a given concentration of 10 8 /L and 150 µL of cells suspension was added to the 96-well plates. Each sample was incubated in 10 µM DCFH-DA for 30 mins in darkness followed by AOPPs treatment as described above. Fluorescence intensity was measured on a SpectraMax M5 system (Molecular Devices, Califomia, USA). The excitation and emission wavelength were 488nm and 525nm respectively. All the obtained data were normalized with the control values.
Immunoprecipitation and immunoblotting analysis
Immunoprecipitation and immunoblotting were peformed respectively to analyze the phosphorylation of p47 phox and interaction of p47 phox with p22 phox or gp91 phox as described previously [28] . Briefly, the cell lysates were incubated with anti-p47 phox , anti-p22 phox or anti-gp91 phox antibodies (all purchased from Abcam, Cambridge, UK, dilution 1:5000) overnight at 4°C, respectively. After that 30 μl protein A/G-beads (Santa Cruz Biotechnology) were added into the antigen-antibody complex at 4°C for 30 mins. After washing three times with lysis buffer, the immunocomplexes were resolved on SDS-PAGE and then transferred to PVDF membranes. The membranes were then incubated with a HRP-conjugated goat anti-phosphoserine p47 figure (g-l) . Data were presented as mean±SD and experiments were performed in triplicate under each condition. *P<0.01 vs control.
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antibody (Stressgen Bioreagents Victoria, BC, Canada, dilution 1:5000) and the HRP-conjugated goat anti-rabbit IgG (DakoCytomation, dilution 1:5000) were used as the primary antibody and the secondary antibody respectively. To determine total p47 phox , p22 phox or gp91 phox , the membranes were washed with an elute buffer, reacted with anti-p47 phox monoclonal antibody, anti-p22 phox or anti-gp91 phox polyclonal antibodies (all purchased from BD Biosciences Pharmingen, San Diego, CA, dilution 1:2000) respectively and then detected by the HRP-conjugated anti-IgG antibody (DakoCytomation, dilution 1:5000).
Western blot analysis
Western blotting was performed to detect the specificity of antigen-antibody interaction using total cellular proteins and the nuclear proteins, extracted from FLSs according to manufacture's instruction of nuclear and cytoplasmic extraction reagents kit (Beyotime, Beijing, China). The protein quantification was determined by BCA Protein Assay kit and then heated in sodium dodecyl sulfate-polyacrylamide gels electrophoresis (SDS-PAGE) protein loading buffer at 95°C for 10 mins.
Proteins (35 µg) were loaded per lane and separated by 10% SDS-PAGE and electrotransferred to PVDF membranes by a semi-dry transfer. Then the PVDF membranes was blocked in 5% nonfat milk in TBSTween for 1 hr at room temperature and incubated overnight at 4°C with the primary antibodies anti-NF-κB p65, anti-IκBα, anti-p47 phox , anti-phospho-p47 phox , anti-p22 phox and anti-gp91 phox respectively (all purchased from BD Biosciences Pharmingen, San Diego, CA, dilution 1:2000). Later the membranes were washed three times for 10 mins each in TBST and incubated for 1 hr at room temperature with an appropriate HRP-linked secondary antibodies (Upstate-Cell Signaling Solutions, Temecula, CA, dilution 1:2000). The relative levels of protein were determined by densitometry using Total Lab 2.0 software. 
Cellular Physiology and Biochemistry
Statistical analysis
All the experiments were performed in triplicate. Results were expressed as mean ± standard deviation.
Statistical differences between means for different groups were compared using one-way ANOVA (analysis of variance). Multiple comparisons were performed using the LSD method or Dunnett's C method. Comparing several treatments with control group were was evaluated by the Dunnett's T3 procedure. Statistical analyses were conducted with SPSS 13.0 software.
Results
Effect of AOPPs stimulation on the expression of IL-1β, TNF-α, MMP-3, MMP-13 and VEGF.
Initially, we tested whether AOPPs can induce FLSs to release cytokines. As shown in Fig.1 a-c , secretion of cytokine IL-1β, TNF-α, MMP-3, MMP-13 and VEGF by FLSs in AOPPs group were in a concentration-dependent manners compared with low levels detected in the conntrol cells and unmodified RSA group (Fig.1 b and c) . However, it is seen that the expression of IL-1β in 200μg/ml AOPPs group was lower than that in 100μg/ml AOPPs group but still at a signaficantly higher levels than control cells and RSA group (Fig. 1a) .
Real-time RT-PCR is used to quantify the effect of AOPPs at various concentrations on the expression of IL-1β, TNF-α, MMP-3, MMP-13 and VEGF in mRNA ( Fig. 1 d-f) . Compared with the control cells and unmodified RSA group, the mRNA levels were significantly increased when FLSs were cultured with AOPPs. And no significant difference was found in the messenger RNA expression between unmodified RSA group and control cells. When the above data is evaluated, it indicates that FLSs can be stimulated by AOPPs to secrete cytokines at both protein and gene level , which may be involved in the pathological progression of RA.
AOPPs induce ROS generation in FLSs
In order to study the ROS generation in FLSs, we challenged AOPPs group in FLSs and noticed a siginificant increase of ROS level (3-to 8-fold) in AOPPs group compared to both unmodified RSA cells and control cells (Fig.2 A) . When FLSs were incubated with AOPPs at different concentration within 90 mins it showed a time-dependent increase in ROS generation (Fig. 2B) . Furthermore, the ROS generation in FLSs cultured with AOPPs was observed under a fluorescence microscopy with DCFH-DA (Fig. 3) .
We then measured the contribution of SOD, NAC, DPI and apocynin respectively to determine the source of ROS and it was found that SOD, NAC, DPI and apocynin decreased the OD value of DCF in FLSs significantly (Fig. 2C) . These data indicate that AOPPs induced ROS over production can be significantly reduced by direct action of SOD and NAC on ROS, where as DPI and apoctnin, the inhibitors of NADPH oxidase, decrease the levels of elevated ROS via NADPH. 
AOPPs challenge activated NADPH oxidase in FLSs
To investigate whether AOPPs treatment activate NADPH oxidase, initially we measured the phosphorylation of p47 phox , a subunit of NADPH oxidase located in the cytoplasm of the FLSs. AOPPs group showed rapid phosphorylation of p47 phox at 5 mins, and peaked at 60 mins, where as control group and RSA group had no siginificant effect (Fig. 4a) . Translocation of p47 phox to the cell membrane plays a key role in NADPH oxidase activation [29] . In order to examine the interaction of p47 phox with the membrane subunits, we immunoprecipitated p22 phox and gp91 phox with the specific antibodies and then probed for the coexistence of p47 phox in the cells. The amount of p47 phox -gp91 phox complex rapidly increased in AOPPs group at 5 mins and p47 phox -p22 phox complex appeared later than p47 phox -gp91 phox complex at 15 mins (Fig. 4b) . Likewise, to determine sustained activity of NADPH oxidase we examined the protein levels of its subunits in FLSs treated with or without AOPPs. AOPPs group showed significant upregulated expression of p47 phox , p22 phox and gp91 phox compared with control cells after 6 hrs. Only the expression of gp91 phox was increased after 3 hrs in AOPPs group (Fig. 4c) . phox was assayed by immunoprecipitation (IP) using a p47 phox antibody and detected by immunoblotting (IB) using a pan-p47 phox and a phosphoserine-p47 phox as the primary antibodies. (b) AOPP-induced interaction of p47 phox with p22 phox and gp91 phox . FLSs were treated as described above. IP was performed using p22 phox and gp91 phox , and IB was conducted using an p47 phox . (c) Expression of NADPH oxidase subunits in cultured FLSs. FLSs were incubated with or without AOPPs for 1-24 h. Protein expression of NADPH oxidase was determined by western blot using antibodies against NADPH oxidase subunits. Data were presented as mean ± SD from triplicate. *P < 0.05 vs medium alone. Zheng 
AOPPs-challenged could caused NF-κB activation. As shown in Fig. 5c and Fig. 5d , both IκBαdegradation and NF-κB p65 translocation to the nucleus were inhibited in the presence of SOD, catalase, DPI and apocynin. All of the above data indicates that ROS generation via NADPH activation plays an important role in AOPPs-induced NF-κB activation.
NAC, apocynin and SN50 counteracted AOPPs-promoted the release of cytokines.
To test the possible participation of NADPH oxidase, ROS production and NF-κB in AOPPs group, we employed their specific inhibitors NAC, apocynin and SN50 respectively. As shown in Fig. 6 , NAC, apocynin and SN50 abrogated TNF-α, IL-1β, MMP-3, MMP-13 and VEGF production induced by AOPPs in FLSs. These data pointed out that NADPH oxidase, ROS production and NF-κB are involved in the generation of AOPPs-induced above cytokines.
Discussion
AOPPs have been reported to play a key role in many pathological conditions [4] [5] [6] and also takes part in a number of biological activities as a modulated factor [31] [32] [33] . Moreover, a study showed that patients with RA have a higher level of AOPPs as compared to the normal individuals [21] . Whether the accumulation of AOPPs in patients with RA could accelerate the disease progression remains unknown. Therefore, FLSs, the main functional cells involved in the pathophysiology of RA [12] , were essential to our study, under the treatment of AOPPs.
Evidence shows that TNF-α drives these basic pathophysiological effect in RA [34] and both TNF-α and IL-1β are potent stimulators of synovial tissue in vitro [16] . TNF-α and IL-1β are central to the damaging cascade, which triggers the production of MMPs and ultimately results in irreversible damage to synovium and articular cartilage [35] . In this study, we found that FLSs exposed to AOPPs expressed high levels of TNF-α and IL-1β at both proteins and gene level compared with control cells. Whereas, FLSs cultured with unmodified RSA did not have any significant expression of TNF-α and IL-1β. All these data shows that AOPPs, and not RSA, could induce FLSs to release the pro-inflammatory cytokines TNF-α and IL-1β. Therefore, the high level of AOPPs detected in RA patients may accelerate the disease progression through the release of these two pro-inflammatory cytokines. MMP-3 and MMP-13, which degrade the extracellular matrix of cartilage, played a vital role in the occurrence, development and progression of RA. MMP-3, also known as a stromelysin-1, has a broader substrate specificity, with activity against type II, III, IV, IX, X and XI collagens, proteoglycans, fibronectin and laminin and is the most widely studied members in RA [15] . MMP-13, which preferentially degrades type II collagen and aggrecan was exclusively expressed in 80-90% patients of RA [36] . To the best of our knowledge, the effect of AOPPs on the MMPs production has not been studied so far. In the current experiment, we could see AOPPs challenge leads to increase of gene and protein expression in both MMP-3 and MMP-13. Likewise, the unmodified RSA group could not show siginificant changes in these enzyme expression compared with the control cells. From these line of evidence, it is very likely that elevated concentration of AOPPs could result in the release of MMPs in FLSs, which could accelerate the disease progression in RA patients by destroying the synovium tissue and articular cartilage of the joints.
VEGF, a prominent angiogenesis marker, is a prognostic factor regarding the destruction of the joints and the elevated plasma levels of VEGF correlate well with the disease activity in RA patients [37] . Pannus, a prominent feature of RA, is an inflammatory synovial tissue where many newly formed vessels are observed. Formation of new blood vessels permits an efficient supply of nutrients and oxygen to the augmented inflammatory cell mass and that would contribute to perpetuation of the joint disease [38] . In order to investigate whether AOPPs were indeed a regulator of VEGF production in RA, we analyzed the content of VEGF in FLSs after incubating with AOPPs for 24h. As shown in Fig. 1E , the level of VEGF was increased with the increased concentration of AOPPs and the same condition was observed in the mRNA level (Fig. 2E) . Therefore, from the data presented we could conclude to some extent that AOPPs might act as a pathologic factor in the procession of RA by inducing FLSs to release VEGF.
ROS can be generated by many kinds of cells through normal cellular metabolism. However, excess production of intracellular ROS, by various stimulations, reactions is the main cause of oxidative stress and has been implicated in the pathogenesis of RA [39] . Here in our study, AOPPs treated FLSs shows significant increase in ROS generation, which was confirmed by addition of NAC and SOD (ROS scavenging) which resulted in decrease of DCF fluorescence. Samir G [40] pointed out that ROS could induce pro-inflammatory cytokines, such as TNF-α and IL-1β, followed by an inflammatory response, which was demonstrated in our experiment. All in all, these findings indicated that ROS plays a siginificant role in downstream signaling of AOPPs stimulation.
But how AOPPs challenge induced the generation of ROS in FLSs remained to be investigated. Many kinds of subcellular structure including mitochondria, NADPH oxidases, [41] but NADPH is one of the most primary source of ROS in diverse cell types [42, 43] . Under the conditions of our experiment, we found that AOPPs triggers ROS generation in FLSs through activation of the NADPH oxidase since apocynin and DPI, are the inhibitors of NADPH and could block the overproduction of ROS. This results are exciting and in the next step we measured the performance of the NADPH oxidase subunits. Firstly, by the ability of AOPPs to induce rapid phosphorylation of cytoplasmic subunit p47 phox in FLSs and secondly by the increased binding of p47 phox with the membrane subunit p22 phox or gp91 phox , a crucial process which acts as a switch in activation of NADPH oxidase. Unmodified RSA group had no effect. The continuous expression of NADPH oxidase subunits is necessary for its persistent activation [44] . After incubating with AOPPs for 3-24h, the expression of oxidase subunits p47 phox , p22 phox and gp91 phox were all upregulated. Likewise this phenomenon was not seen either in the control cells or RSA group. Collectively, these data strongly suggests that AOPPs, considered as an important marker of oxidative stress, could act as a key mediator for activation of NADPH oxidase in FLSs.
The NF-κB family of transcriptional activators are involved in regulation of cell proliferation, differentiation, apoptosis, immunity, inflammation and cytokine expression induced by various kinds of stimuli [45] . In the inactive state, NF-κB is largely located in the cytoplasm by forming a complex with IκB proteins. As soon as stimulated by extracellular stimulus, IκB is rapidly phosphorylated and degraded, allowing the release of NF-κB p65 and its subsequent translocation into the nucleus, in which it activates the transcription of genes that contain an NF-κB binding site [46] . In our study, IκB degradation and NF-κB p65 activation were both observed in FLSs treated with AOPPs from 5 to 60 mins. Since AOPPs attenuated the expression of IκB in cytoplasm and meanwhile increased the content of NF-κB p65 in nucleus, we had formed a strong point to believe that AOPPs may be involved in the activation of NF-κB in FLSs. Additionally, when the cells were pre-treated with ROS scavengers (SOD and catalase) or NADPH oxidase inhibitors (DPI and apocynin), both IκB degradation and NF-κB p65 activation were blocked. These findings further points out the increased activity of NF-κB under AOPPs treatment might well be related to NADPH oxidasedependent ROS generation.
Conclusions
In summary, the present study indicates that AOPPs induce the inflammatory response in FLSs by activation of NF-κB through NADPH oxidase-dependent ROS generation in vitro (Fig. 7) . These results give us a new insight to explore the targets for intervention in treating immunological diseases such as RA.
